DATE: May 17, 1993

FROM Director, Center for Biologics Evaluation and
Resear ch

SUBJECT: Points to Consider in the Characterization of Cel
Li nes Used to Produce Biol ogicals (1993)

TO Manuf acturers Utilizing Cell Lines for the Production
of Biol ogics

This Points to Consider Document on the Characterization of Cel
Lines Used to Produce Biologicals (revised May 1993), is intended
to replace the docunent of the sane title issued in 1987. These
"Poi nts" are neither regulations nor guidelines, but serve to
represent the current consensus of the Center for Biologics

Eval uati on and Research (CBER) staff.

We intend to continually revise and update this docunent as
necessary in order to inprove it's useful ness. You are requested
to review and coment on this document. All commrents should be
addressed to:

Director, Center for Biologics Evaluation and
Resear ch

1401 Rockville Pike

Suite 200N

Rockvill e, NMD 20852-1448

Kat hryn C. Zoon, Ph.D.



PO NTS TO CONSI DER I N THE CHARACTERI ZATI ON OF CELL LI NES
USED TO PRODUCE BI OLOG CALS (1993)
CENTER FOR Bl OLOG CS EVALUATI ON AND RESEARCH
FOOD AND DRUG ADM NI STRATI ON

Tabl e of Contents

l. | NTRODUCTI ON
. H STORY AND GENERAL CHARACTERI STI CS OF THE CELL LI NE
A. History of the Cell Line
B. General Characteristics of the Cell Line
[1l. THE CELL BANK SYSTEM
A. Generation of Cell Banks
B. Storage of the Cell Banks
C. Cell Bank Qualification
V. PRODUCTI ON CULTURES AND PRODUCT TESTI NG
A. Cell Culture Media
B. Managenent of Cell Cultures
V. QUALI TY CONTROL TESTI NG
A. Tests for the Presence of Bacteria and Fung
B. Tests for the Presence of Mycopl asnas
C. Tests for the Presence of Viruses

D. Tunorigenicity Testing

A/ VALI DATI ON OF VI RAL ELI M NATI ON
V1. CONCLUSI ON
VI I'1. REFERENCES

I X. ATTACHVENT #1: Letter to Manufacturers Requesting
Identification of Bovine/Ovine
Conponents and Sources

X. ATTACHVENT #2: Recommended Test Procedures for
Mycopl asnmas



. 1 NTRODUCTI ON

Thi s document is concerned with the characterization of cel
lines used to produce biological products which are subject to
licensure under the U S. Public Health Service Act and also with
the identification of possible adventitious infectious agents
fromthe cell |ines which mght contam nate the final product.
The points included here are intended to suppl ement the existing
general regulations in 21 CFR 200 and 21 CFR 600 series and
especially 21 CFR 610.18 which has as its objective that the
final product be uniform consistent fromlot-to-lot and free
from adventitious infectious agents.

Advances in biotechnol ogy are occurring rapidly. Each new product
shoul d be evaluated in light of its own particular
characteristics and the cell line and manufacturing process being
used. Therefore, information in this docunent is subject to
change as new and significant findings becone avail abl e.
Accordingly, this discussion should be interpreted as raising
scientific issues that manufacturers who produce biol ogica
products fromcell |ines should consider both during product
devel opnent under investigational new drug applications (INDs)
and before submitting product |icense applications (PLAs).

Exi sting general regulations, 21 CFR 200 series and 600 series,
are al so broadly relevant and shoul d be consul ted.

These points are not all-inclusive. Alternative approaches may
wel |l be suitable in specific situations, and certain aspects may
not be applicable to all situations. Furthernore the scientific
basis for determ ning the appropriateness of the points specified
for consideration here is devel oping rapidly and nore appropriate
approaches may be developed in. the future. Therefore, the Center
for Biologics Evaluation and Research (CBER) will reviewthe
adequacy of testing of any cell line on a case-by-case basis.

Thi s docunment supersedes the "Points to Consider (PTC) in the
Characterization of Cell Lines Used to Produce Biol ogicals
(1987)" and reflects a nunber of changes emanating from severa

i nternational workshops held since that time (1,2). As stated in
the 1987 PTC, the current approach to working with cell lines to
produce biol ogi cal products focuses on:

1. production, identification and characterization of
the cell substrate;

2. val idation of the manufacturing process for renoval
and/ or inactivation adventitious agents; and

3. testing of the bulk and final product to assure
safety.



However, it should be noted that a number of tests previously
recommended have been revised or elimnated. Specifically:

1. Kar yol ogy

In 1978 an ad hoc committee nmet to revise the
recommendati ons on karyol ogy control. The Conmittee's
report was published in 1979 (3). The detailed
characterizati on and nonitoring procedures described in
1979 applied specifically and are still applied to diploid

cell lines used for the production of, for example, live
virus vacci nes. However, the utility of karyol ogy for the
characterization of continuous cell lines is probably

mnimal; therefore, routine karyology is not recomended in
t hese circunstances.

2. Tunorigenicity testing

Experience has shown that virtually all continuous cel
lines of rodent origin are tunorigenic; therefore, rodent
cells need not be tested for tunorigenicity. Human
epithelial cells and all cells used for live virus vaccine
production should, however, be tested for tunorigenicity.
In addition, sonme special cases regarding somatic cell or
gene therapy may require tunorigenicity testing.

3. Oncogene testing

Recent studies indicating that oncogenes may be involved in
normal cell growth suggest that testing for endogenous
oncogenes i s not necessary.

The results of tests described in this docunent may be subnitted
to support the acceptability of a cell Iine to produce a

bi ol ogi cal product. In general, testing should be performed in
conpliance with Good Laboratory Practice requirenments (21 CFR
58). These tests should not be interpreted as checklists. Rather
the selection of tests depends on many variables such as the
nature of the cell line, the manufacturing situation and the
product indication. In addition, the anount of testing that is
needed may be greater to support approval of a PLA than that for
an I ND application. The testing required for initiating clinica
trials depends on the product and its use. The points discussed
here do not generally address the basis for test selection due to
the variety of issues each manufacturer nust consider when nmaking
t hese deci si ons.

The characterization of a cell line intended for use in the
manuf act ure of bi ol ogicals includes:

1. history and general characteristics of the cell line;
2. the cell bank system and
3. quality control testing.

In addition, in many cases there is need for validation studies
of virus renoval and inactivation by the manufacturing process.



Addi tional information concerning the testing of cell lines used
to produce monocl onal antibodi es and reconbi nant DNA t echnol ogy
products for in vivo and select in vitro use may be found in the
"Points to Consider in the Manufacture and Testing of Monocl ona
Anti body Products for Human Use (June 1987)" (now under

revision), "Points to Consider in the Production and Testing of
New Drugs and Bi ol ogical s Produced by Reconbi nant DNA Technol ogy
(April 1985)" and the supplenent to the recombi nant DNA Points to
Consider, "Nucleic Acid Characterization and Genetic Stability
(1992)." If a cell line or cells are to be returned into humans
to produce its biological product(s) in vivo, then the "Points to
Consider in Human Somatic Cell Therapy and Gene Therapy (1991)"
and al so the Points to Consider in the Collection, Processing and
Testing of Ex-Vivo-Activated Mnonucl ear Leukocytes for

Admi nistration to Humans (1989) should be consulted.

1. H STORY AND CGENERAL CHARACTERI STICS OF THE CELL LI NE
A. History of the Cell Line

The history of any cell line used for the production of
bi ol ogi cal products should include, when possible:

1. age, sex and species of the donor

2. for human cell lines, the donor's nedical history
and if available, the results of tests perforned on
the donor for the detection of adventitious agents;

3. culture history of the cell line including nethods
used for the isolation of the tissues fromwhich the
line was derived, passage history, nedia used and
hi story of passage in animals, etc.;

4. previous identity testing and the results of al
avai |l abl e adventitious agent testing.

B. General Characteristics of the Cell Line

The growt h pattern and norphol ogi cal appearance of the cel
line should be determ ned and should be stable fromthe
master cell bank to the end-of-production cells [Points to
Consider: "Nucleic Acid Characterization and Cenetic
Stability (1992)"]. If there are specific markers that may
be useful in characterizing the cell line (such as marker
chronosones, specific surface markers), these should be
characterized for stability. If the cells have an
identified finite |life expectancy, the total nunber of
popul ati on doubling |levels through senescence shoul d be
det er m ned.

I1l. THE CELL BANK SYSTEM
A. Generation of Cell Banks

Once a cell line is chosen as the biological source of a



product, a cell bank system should be generated to assure
that an adequate supply of equivalent cells exist for use
over the entire life span of the product. In addition to
provi ding a constant supply of starting naterial, the
advant ages of a cell bank systeminclude allowi ng for a
detail ed characterization of the cell |line and decreasing
the likelihood and increasing the detection of both cel
line cross contam nation and adventitious agent
contamination. Ordinarily, the cell bank system woul d
consist of two tiers: a nmaster cell bank (MCB) and a
manuf acturer's working cell bank (MACB).

The Master Cell Bank is defined as a collection of cells of
uni form conposition derived froma single tissue or cell

It is cryopreserved in aliquots stored in the liquid or
vapor phase of liquid nitrogen. The MCB for a diploid cel
line should be prepared fromcells at a | ow popul ation
doubling I evel.

The Manufacturer's Working Cell Bank (MACB) is derived from
one or nore ampul es of the MCB. The MCB source cells are
expanded by serial subculture up to a passage nunber

sel ected by the manufacturer and approved by CBER At that
point the cells are conbined into one pool, dispensed into
i ndi vi dual anpoul es and cryopreserved to formthe MACB. One
or nore such anpoules fromthe MACB woul d be used for the
production of a lot of a biological product. If cells from
nore than one MACB anpul e are used, the cell suspensions
shoul d be pooled at the tinme of thawi ng. The popul ation
doubling |l evel of cells used for production should not
exceed an upper limt based on witten criteria established
by the manufacturer.

B. Storage of the Cell Banks

Both the MCB and the MACB should be stored in either the
liquid or vapor phase of liquid nitrogen. The |ocation
identity and inventor, of individual anpoules of cells
shoul d be thoroughly docunented. It is recomended that the
MCB and MACB shoul d each be stored in two or nore widely
separate areas within the production facility as well as at
a distant site in order to avoid loss of the cell line.

C. Cell Bank Qualification
1. The Master Cell Bank

Testing to qualify cell banks should be done either
on an aliquot of the cell bank or on cell cultures
derived fromthe cell bank, as appropriate. Testing
to qualify the MCB includes testing to denpnstrate
freedom from adventitious agents and identity
testing. The testing for adventitious agents should
i nclude tests for bacteria, fungi, mycoplasmas and
for viruses. Testing for adventitious viruses should
include routine in vivo and cell culture inocul ation
tests and any other specific tests that are



war r ant ed, based on the passage history of the cel
line, to detect possible contam nating viruses. Some
of the tests which are relevant in selected
circunstances are described in part V. Finally,
testing should be perfornmed in nost circunstances to
determine if the cells produce retroviruses or
retrovirus particles. This testing is al so described
in part V.

Extensive identity testing of the MCB shoul d be done
once and should include all tests needed to establish
all significant properties of the cells and the
stability of these properties throughout the
manuf act uri ng process. Such characteristics should

i ncl ude:

a. norphol ogy, as deternmined by |ight and el ectron
n croscopy;

b. species of origin (and sex, if human);
c. split ratio,

d. data denpnstrating that the cells can be used
for their intended purpose. If the cells
contain an expression systemto produce a
reconbi nant DNA-derived protein, data should be
obtained to denonstrate the copy nunmber and
physi cal state of the expression system and the
quality and quantity of the protein it produces
(see Points to Consider on rDNA products);

e. a neaningful test should be perfornmed which
will also be perforned for routine identity
testing of production cultures used for each
| ot of product; and

f. other such tests which may be useful for
denmonstrating that the cell bank is conprised
of cells with the intended characteristics.

Manuf acturers' Working Cell Bank

The MACB bei ng derived fromthe MCB and propagated
for an approved nunber of passages in tissue culture,
only needs to be spot checked for contani nants that
may have been introduced fromthe culture nedi um
Recommended tests include sterility, mycoplasm
routine virus (in vitro and in vivo) tests and cel
line authenticity to check for cell line
cross-contam nation.

When a manufacturer noves froma serumcontaining to
a serum free defined growh nediumit is suggested
that the cells which are weaned into the serumfree
medi um shoul d be recloned to establish a new MCB and
MACB of cells for optinmal growth in the defined



medi um
I V. PRODUCTI ON CULTURES AND PRODUCT TESTI NG

Quality control of cell substrates used for production is an

i mportant part of product quality control. Specific areas to be
addressed include cell culture nmedia, managenent of cel
cultures, and specific testing.

A. Cell Culture Mdia

Accurate records should be kept of the conposition and
source of the cell culture medium In cases where the

manuf acturer of a biological product uses a proprietary
medi um or nedi um suppl enent, the manufacturer of the nedium
or nmedi um suppl enent nmay be required to supply the
necessary data directly to CBER, in the form for exanple,
of a Master File Application.

If serumor additives derived from ani mal sources are added
to the cell culture nedium they should be certified to be
free fromcontam nants and adventitious agents, such as the
agent responsible for the production of Bovine Spongiform
Encephal opat hy. I nformation should be provided with regard
to the identity and source of, and testing for adventitious
agents carried out on these additives. Acceptance of
certified raw materi als based on certification provided by
the supplier should be based on a deternination by the
manuf acturer accepting the product that the process used
for certification is sufficient.

Since animal serum nmay produce allergic responses in human
subj ects, attenpts should be made to reduce serum |l evels
required for the propagation of production cell cultures as
much as possi ble. The residual anpbunt of serum or additives
in the final product should be determ ned and shall not
exceed 1:1,000,000(21 CFR 610.15(h)).

If porcine trypsin is used in passaging cells, it should be
free fromadventitious agents, including porcine parvovirus
(9 CFR 113.51 and 113.53). Pursuant to 21 CFR 207. 31,

manuf acturers of biological products are requested to
provi de i nformation regarding the source(s) and control of
any bovine- or ovine-derived material (s) (see attachnent
#1) .

Penicillin or other beta | actam antibiotics should not be
present in production cell cultures. Mniml concentrations
of other antibiotics or inducing agents nmay be acceptabl e
[21 CFR 610.15(c)]. However, the presence of any antibiotic
or inducing agent in the product is discouraged.

B. Managenent of Cell Cultures
Lot-to-lot characterization of the product and routine

monitoring for adventitious agents is part of the quality
control of the biological product. It includes testing of



production cell cultures and unprocessed and processed cel
culture fluids.

Appropri ate approaches to quality control of cell substrate
depend on the nature of the propagation system used. Cel
substrates are propagated as nonol ayer cultures, in
suspension cultures, or in bioreactors, and may be held on
a short term long term or even on a potentially
indefinite basis. Wen short-termcultures are used, the
product is obtained either froma single harvest of cel
culture fluid or fromnultiple harvests. In some cases the
quality control testing my need to be perfornmed on each
harvest before pooling into the bulk lot. If the product is
an infectious virus, it will usually replicate in one or
nore of the cell cultures used for routine testing for
adventitious viruses. Nonreplicating viruses, used as
vectors for gene therapy, may be tested in the usual cel
culture tests for the presence of adventitious agents. In
such cases a proportion of the vessels containing the cel
substrate prepared for production (conmonly, about 10% of
t he vessels) should be held as control cultures. The

uni nocul ated control cell cultures and fluids are tested
for adventitious agents. (This should not be confused with
the product identity test, which is typically a procedure
in which the virus is neutralized and inoculated into a
susceptible cell culture.)

When long termcultures are used, multiple harvests nay be
pooled into bulk lots at intervals. In these cases quality
control testing should be perforned on each bulk lot, and,
if possible, on cells separated fromthe production harvest
pool ed into the specific bulk. The managenent of cel
substrates for the purposes of quality control testing
shoul d be designed to optim ze sensitivity of the testing.
Criteria for term nation of |ong-termcultures should be
establ i shed and fol | owed.

Testing for bacterial and fungal sterility is generally
performed on the unprocessed bulk lot, the final bulk | ot
and the final product. The unprocessed bulk is the pooled
harvests of cell culture fluids that constitutes a
honobgeneous mi xture for manufacture into a unique | ot of
product. It is inportant that testing for adventitious
agents be perfornmed prior to further processing such as
filtration, clarification or other procedures, unless such
testing is made nore sensitive by initial partia
processing (e.g., unprocessed bulk may be toxic in test
cell cultures, whereas filtered bulk may not). Final bulk
product is a concentrated, purified product in a
honpbgeneous suspensi on prepared for m xing with excipients
and filling into final containers. The final bul k product
is subjected to a variety of lot release tests which often
include sterility testing if it is intended to be sterile.
Fi nal product should be tested for sterility and endotoxin

Routine testing for nmycoplasmas and in vitro and in vivo
testing for adventitious viruses should be performed on



every | ot using production cells and unprocessed bul k
fluids. If a cell Iine is known to produce a virus that is
routinely present in the unprocessed bulk, testing on a
lot-to-lot basis to denonstrate its absence fromthe
product after purification may be required, unless the
virus is the product, as is the case in viral vectors for
gene therapy. Lot-to-lot testing of production cells for
cellular identity should be perforned.

The presence of nucleic acid fromcell lines in biologica
products has been discussed as a theoretical risk. A Wrld
Heal th Organi zati on consultative group recomended t hat
this theoretical concern was negligible or absent in
products that contained | ess than 100 pg/dose of cellular
DNA (4). Lot-to-lot testing for DNA content in biologica
products produced in cell lines should be perforned and | ot
release limts established that reflect a | evel of purity
that can be achi eved reasonably and consistently.

O her tests which should al so be performed on every | ot
include tests that are required on all products (e.qg.
general safety) or unique tests that reflect the quality of
the specific product of concern. In this docunent the

di scussion of testing is limted to those tests which have
specific relevance to products produced in cell |ines.
Manuf acturers are responsible for establishing |ot rel ease
procedures that provide assurance of all significant
aspects of product quality.

V. QUALITY CONTROL TESTI NG
A. Tests for the Presence of Bacteria and Fung
For required test procedures, see 21 CFR 610.12.
B. Tests for the Presence of Mycopl asma

Tests for the presence of both cultivable and non

cul tivabl e nmycopl asmas shoul d be performed. Biol ogica
products made in insect cell lines should be tested for
bot h nycopl asma and spiroplasma contami nation. Current
suggest ed net hods for mycoplasma testing are described in
attachnment #2 of this docunent. Acceptable tests for

spi ropl asmas shoul d be di scussed with CBER

C. Tests for the Presence of Viruses
1. Routine Tests for Adventitious Viruses

The cell cultures should be observed at the end of
the production period for viral cytopathic effects
and tested for hemadsorbing viruses. If multiple
harvest pools are prepared at different tines, the
cultures shoul d be observed and tested at the tinme of
the collection of each pool

At the time of production of each unprocessed bul k



pool, a proportion of the pool should be inocul ated
into cell cultures, eggs, and mce as foll ows:

a. An appropriate volune should be inoculated into
monol ayer cultures of at |east three cel
types:

(1) nonol ayer cultures of the sane species and
tissue type as that used for production;

(2) nonol ayer cultures of a human diploid cel
culture; and

(3) nonol ayer cultures of a nonkey ki dney cel
culture .

The sanple to be-tested should be diluted as
little as possible. The cell cultures should be
observed for at |east two weeks. If the
production cell culture is known to be capable
of supporting the growth of human
cytonegal ovi rus, the human diploid cel

cul tures shoul d be observed for at |east four
weeks. The cultures should be tested for
hemadsorpti on at the end of the observation
peri od.

b. Fluids or lysates of the test sanple being
characterized should be tested for viruses in
animals. In nost cases, testing in adult and
suckling m ce and enbryonated hen eggs, as
described in 21 CFR 630.35, is appropriate. In
some cases, testing in guinea pigs, rabbits or
nonkeys nmay al so be advi sabl e.

2. Selected testing for adventitious viruses

Speci es-specific viruses present in rodent cell lines may
be detected by nouse, rat, and hanster antibody production
tests (MAP, RAP, or HAP). In vivo testing for |ynphocytic
chorioneningitis virus (LCM including challenge for

non-|l ethal strains is recomended. Human cell |ines nmay be
screened for human virus pathogens such as Epstein-Barr
virus (EBV), cytonegalovirus (CW), and hepatitis B and C
(HBV, HCV) using appropriate in vitro techni ques. Selection
of viruses to be screened should take into account the

ti ssue source and nedi cal history of the patient from which
the cell line was derived. Retrovirus testing is discussed
bel ow.

Use of other cell cultures also may be appropriate for
characterization of cell banks depending on the cell type
and source of the cell line being characterized (5). Under
certain circunstances, specific testing for the presence of
ot her transform ng viruses, such as papillom-, adeno- and
Herpes 6 viruses, may al so be indicated.



3. Tests for Retroviruses

Test sanpl es shoul d be examined for the presence of
retroviruses utilizing the follow ng techniques:

a. transm ssion electron mcroscopy (TEM;

b. reverse transcriptase (RT) assays (perforned in
the presence of nmgnesi um and nmanganese) on pellets
obtained fromfluids by high speed centrifugation
(e.g. 125,000 x 9 for one hour) at 4 C, and

c. infectivity assays. For nurine retroviruses,
amplification of |ow |level contam nants nmay be
achi eved by co-cultivation of cells with a highly
susceptible cell line, e.g. Mus dunni cells (6). The
latter cells are susceptible to infection by al
tested murine | eukem a viruses (MiLVs) except Ml oney
MULV, in which case another susceptible cell line,
e.g. SC1 (7), should be used. Fluid fromthe
co-cul tures should be further passaged on Mius dunn
cells and subsequently assayed for MiLV.

A variety of other assays nmmy be useful, depending on the
ci rcunst ances. Sonme exanpl es of such assays include viable
cell i munofl uorescence (I FA) on the infected Mus dunni
cells using a broadly reactive nonocl onal antibody (e.g.
HY95) for the detection of ecotropic, xenotropic, mnk cel
focus-form ng and anphotropic viruses; feline StL- assay
using P4 cells (8) for detection of anphotropic viruses;
m nk S+Lassay for detection of xenotropic viruses (10) and
nouse S+Lassay using D56 (9) cells for detection of
ecotropi ¢ viruses.

It is often possible to increase the sensitivity of tissue
culture assays by first inoculating the test material onto
cell lines that can support retroviral growmh in order to
anmplify any retrovirus contam nant that nmay be present at

| ow concentrations. For non-murine retroviruses, test cel
i nes should be selected for their capacity to support the
growt h of a broad range of retroviruses, including viruses
of human and non-hunman prinate origin (10, 10a).

Murine cell lines or hybrid cell lines containing a mnurine
conmponent shoul d be considered inherently capabl e of
produci ng i nfecti ous nouse retroviruses. For rmrurine cel
lines used for nonoclonal antibody production, specific
retrovirus testing and identification nmay be abbreviated.
However, the manufacturing process should be validated for
renoval and/or inactivation of retroviruses. For
nmuri ne- human hybrids, additional concerns arise. The

manuf acturer should refer to the "Points to Consider in the
Manuf acture and Testing of Monocl onal Antibody Products for
Human Use (1987)" and di scuss any proposed testing with the
agency on a case-by-case basis.

Probe hybridi zation/PCR amplification and virus-specific



nmonocl onal anti body detection may provide additiona
i nformati on on the presence or absence of specific
cont am nant s.

D. Tunorigenicity Testing

As noted in the introduction, continuous cell lines derived
fromrodents need not ordinarily be tested for
tunmorigenicity. Human epithelial lines and all |ines used

for live virus vaccine production should, however, be
tested. In addition, in sonme special cases, cells to be
used in somatic cell or gene therapy may require
tunorigenicity testing.

Systens which may be suitable for in vivo testing include:
1. nude mice (Nu/Nu) (11);

2. newborn hanmsters, mce, or rats i munosuppressed
with antithynocyte serum (ATS) or globulin (ATG
(12, 13, 14);

3. thynectom zed and irradiated mce that have been
reconstituted with bone marrow from healthy nice

In all cases, the inoculum should consist of 107 reference
cells or test cells suspended in a 0.2 m vol unme of

serum free medi um adni ni stered by the subcut aneous or

i ntranuscul ar route. At |east ten animls should be

i noculated with test cells which are at or beyond the

end- production level and at least ten with reference tunor
cells. At least nine out of ten animals injected with
reference cells should show progressively growi ng tunors.
In the case of newborn aninals treated with antithynocyte
preparations, netastases should also be evident in the
group injected with reference cells which mght include
anong ot hers, KB, HT-1080, and FL

In the test systems using newborn hanmsters, mce, or rats,
the animals should be injected s.c. or i.m wth 0.1 n

vol unmes of potent ATS or ATG on the day of birth and on
days 2, 7, and 14 of life. A potent ATS or ATG is one which
suppresses the i nmune nechani sns of the animals such that

t he subsequent inoculation of reference tunor cells on the
day of birth routinely produces progressively grow ng
tunmors and net ast ases.

In all test systems, the aninmals shall be observed and

pal pated at regular and frequent intervals for the
formati on of nodules at the sites of injection. Any nodul es
formed should be neasured in two di nensions and the data
recorded. Aninmals show ng nodul es which begin to regress
during the period of observation should be sacrificed
before the nodul es are no | onger pal pable and processed for
hi st ol ogi cal exami nation. Animals with progressively
growi ng nodul es shoul d be observed for 1-2 weeks. Anpng

t hose wi t hout nodule formation, half should be observed for



3 weeks and half for 12 weeks before being sacrificed and
processed for histol ogi cal exam nation. A necropsy should
be perfornmed on each animal and will include exam nation
for gross evidence of tunor formation at the site of

i nocul ation and in other organs such as |ynph nodes, |ungs,
brain, spleen, kidneys, and liver. Al tunor-like |esions
and the site of inoculation are to be exani ned

hi stologically. In addition, since sone cell lines may form
net ast ases wit hout evi dence of |ocal tunmor growth, any

det ect abl e regi onal | ynph nodes and the |ungs of al

ani mal s shoul d be examni ned histol ogically.

In addition to in vivo testing, several in vitro test
systens are useful for the characterization of cell |ines.
Both colony formation in soft agarose (15) and growh in
organ culture (16,17,18) have been shown to be nore
sensitive assays for tunorigenicity than tunor formation in
nude mce (12). These in vitro systens are particularly
applicable to continuous cell lines some of which are
non-tumorigenic in animals at | ow passage | evels. These
tests constitute rapid and i nexpensive neans of
denonstrating the stability or progressi on of abnorm
characteristics over the passage history of a candidate
cell line. If, in the hands of the manufacturer, these
tests are shown to be at | east as sensitive as acceptable
animal tests, they may in sone cases be substituted for the
ani mal tests.

VI1. VALIDATI ON OF VI RAL ELI M NATI ON

Traditionally, cell lines used as cell substrates for biologics
producti on have been tested to assure the absence of

contam nation with adventitious viruses, and cell lines free from
such contami nati on were used. As continuous cell |ines have been

i ntroduced, it has becone necessary to qualify for production

cell lines that produce virus-like particles and even infectious
viruses. These efforts have resulted in an enhanced under st andi ng
of the significance of virus-like particles in cell lines and

denonstrated that certain findings, such as the presence of
intracisternal type A particles are only of renote theoretica
concern. As experience has been gained with nonoclonal antibodies
produced in cell |ines which produce nurine retroviruses,

evi dence has accumul ated that such products can be safe and
approaches have been devel oped to nminimze both the potential for
contanmi nation of the products with retroviruses and the
theoretical risk associated with such contanination. In
particul ar, manufacturers have used manufacturing procedures that
i ncl ude steps which cause inactivation and/or renoval of viruses
fromthe product and have perforned studies to validate the

ef fectiveness of the procedures. \When the manufacturing process
is known to elimnate significantly nore virus than is present in
the unprocessed bul k and the purified product is tested for the
presence of virus, there is reasonabl e assurance of freedom from
cont am nati on.

Accordingly, when a cell |ine used for production of a biologic
is known or suspected to contain an infectious virus, studies to



validate the effectiveness of the manufacturing process in
elimnating that virus may assist in qualifying the MCB
Val i dation studies assist in the quantitation of risk, but do not
of themsel ves prove absence of risk. They are relevant to

eval uation of cell lines carrying any type of virus (e.qg.
Epstein-Barr virus, papilloma virus) but risk assessment includes
consideration of the type of virus and the potential use of the
product. Validation studies are not a neans of denobnstrating that
the introduction of an adventitious virus into the cell cultures
during manufacture can be acceptable. Validation that the

manuf acturing process is suitable in this regard is acconplished
by denonstration that the process is suitably controlled so that
adventitious agents are not introduced. Thus, studies to validate
ef fectiveness of virus renoval are only relevant to eval uation of
ri sk associated with cell lines that are known or suspected to
carry infectious viruses. Therefore validation nay be
acconpl i shed by evaluating the ability of the downstream
processing steps to specifically renove and/or inactivate virus
fromthe bul k harvest. The product is "spiked" with virus of high
titer before testing selected steps in a scal ed-down nmodel of the
purification schene.

A. DESI GN

The design of procedures to validate elimnation of virus
by a purification process should include consideration of
the foll owi ng variabl es.

1. Selection of appropriate virus or viruses. The
virus(es) to be used may be the virus which is known
or suspected to contam nate the cell line or it may
be a nodel virus(es) selected because of its
simlarity to the virus of concern and practica
consi derations such as availability of material in
high titer and ease of assay. The contam nant nay be
added in a | abeled (i.e., radioactive) or nonl abel ed
form It may be necessary to use nore than one virus
when, for exanple, the use of one virus does not
provi de an adequate basis for the evaluation of the
adequacy of the process.

2. Scal ed Down Manufacturing System I|f a scal ed-down
nodel of the purification schene is used for this

val idation process it should accurately reflect the
actual manufacturing process. Bed size, flowrate,
flowrate to bed size ratio, buffer types, pH, and
concentration of protein, salt, and product should
all be evaluated and equival ence to full scale
manuf act uri ng denonstr at ed.

3. Analysis of Step-Wse Elimnation of Virus. In
many cases it is desirable to evaluate the
contribution of nmore than one manufacturing step to
virus elimnation. Sufficient virus should be present
in the material to be tested before each critica
step so that an adequate eval uation of the

ef fectiveness of each step is obtained. In sone cases



simply adding high titer virus to unpurified bulk and

testing its concentration between steps will be
sufficient. In other cases adding virus to in-process
material will also be needed. The virus titer before

and after each step being tested should be
det er m ned.

4. Determ ning Physical Renmpval versus |nactivation.
The type of contribution of each of the purification
steps should be identified by deternining, when
feasi bl e, what portion of the reduction is due to
virus inactivation and what portion is due to

physi cal renoval of the virus fromthe product.

5. Kinetics of Inactivation. In some cases the

ki netics of virus inactivation at the critica

i nactivation step should be determ ned. This type of
data is particularly inportant where the virus is
known to be a human pathogen and a conpletely
effective inactivation process is being designed.

6. Estimation of Conbined Effects. The conbi ned
effects of each individually tested step, on the
reduction of virus titer, should be calculated in
order to establish the total virus

i nactivation/reduction of the purification procedure.

7. Regeneration of Colums. Wen chromat ographic
procedures are depended upon for virus elimnation

it is critical that the validation studies should
enpl oy colums as actual ly used during manufacturing.
Routi ne procedures for the regeneration of colums
shoul d be such that the design of the validation
study is relevant.

8. Specific Precautions.

a. The validation testing is frequently
performed outside the manufacturing facility in
order to prevent possible virus contamn nation
of the facility.

b. Care should be taken in preparing the high
titer virus preparation to avoid aggregation
whi ch may enhance physical renpval and decrease
i nactivation thus distorting the correlation
with the actual manufacturing situation

c. The virus "spike" should be added to the
product in a small volune so as not to dilute
or change the characteristics of the product.

d. Small differences in, for exanple, buffers,
medi a, or reagents, can substantially affect
vi rus cl earance.

e. Virus inactivation is tinme dependent.



Therefore, the amount of tine a spiked product
remains in a particular buffer solution or on a
particul ar chromat ography col um shoul d refl ect
the conditions of the full scale process.

f. Buffers and product should be eval uated
i ndependently for toxicity or interference in
assays used to determine the virus titer, as
t hese conponents may adversely affect the
indicator cells. If the solutions are toxic to
the indicator cells, dilution, adjustnent of
the pH, or dialysis of the buffer containing
spi ked virus m ght be necessary. If the
bi ol ogi cal product itself has an anti-vira
activity, the validation study may need to be
performed wi thout the product in a "nock" run
t hough om tting the biological product or
substituting a simlar protein that does not
have anti-viral activity could affect the
behavi or of the virus in some manufacturing
st eps.

9. Many purification schenes use the sane or sinlar
buffers or colunms repetitively. The effects of this
approach shoul d be taken into account when anal yzi ng
the data. The effectiveness of virus elimnation by a
particul ar process nay vary with the stage in
manuf acture at which it is used.

B. | NTERPRETATI ON:

The purpose of a validation study is to show that a
process, when done according to SOP's, will reliably give a
certain result. For virus contam nants, it is inportant to
show that not only is the virus elimnated, but that there
is excess capacity for virus elimnation built into the
purification process to assure an appropriate |evel of
safety for the final product. The anount of virus

elim nated by the manufacturing process is conpared to the
anmopunt of virus which nmay be present in ordinary unpurified
bul k product.

To carry out this conparison it is inportant that an
estimate of the amount of virus in the ordinary unpurified
bul k is made. When possible, this estimte may be done by
assays for infectivity. When such assays are not feasible
estimates may be made by using transm ssion el ectron

m croscopy to exanine a pellet of ultracentrifuged,
unpurified material. The entire purification process should
be able to elimnate substantially nore virus than is

t hought to be present in the starting material. The excess
that is appropriate depends on the virus of concern and the
i ntended use of the product. For exanple, for products

i ntended for use in inmunoconprom sed individuals, where
the relatively small risk of infection nay be very
significant, a larger excess in clearance capability may be
i ndi cated. The sane increase in the clearance capability



VII.

woul d apply in the case of products intended for use in a
heal t hy popul ati on.

The followi ng potential linmtations of studies to validate
elimnation of virus renoval should be addressed when
interpreting study results.

1. The nodel virus nay not behave identically to the
rel evant virus contam nant.

2. The full-scale process may be different fromthe
scal ed down process.

3. Unpredicted simlarities or redundanci es of buffer
sol utions or procedures may overestimate virus
cl ear ance.

4. The summation of the effects of nultiple steps,
particularly of steps with little effect, may
overestimate the true potential for virus

el i m nation.

5. The ability over tine of chronmatography col ums
and ot her devices used in the purification schene to
clear virus after repeated use may vary.

6. Validation studies should be duplicated and the
statistical variation within and between studies
eval uat ed

7. It is recommended that a purification schenme
provi de at |east one virus inactivation step when

i nfectious virus is known to be present routinely in
unpuri fied bul k.

C. STATI STICS

The validation process should include the use of a
statistical analysis of the data to evaluate the results.
The study design should be statistically valid to support
t he concl usi ons reached.

D. REVALI DATI ON

Whenever significant changes in the production or
purification process are nmade, the effect of that change on
virus cl earance shoul d be considered and the system
reval i dated as needed. For exanple, it is not unusual for
changes in production processes to cause significant
changes in the anpbunt of virus produced by the cell line or
renoved by a particular manufacturing step

CONCLUSI ON

The FDA's Vacci nes and Rel ated Bi ol ogi cal Products Advisory
Conmittee neeting of August 21, 1990, reviewed the approach of
several manufacturers to renove retrovirus fromtheir products.



Proceedi ngs of this nmeeting enmphasi zed the val ue of many
strategies including:

A. thorough characterization/screening of the cel
substrate starting material in order to identify what virus
contam nants are present;

B. determination of the human tropi sm of the contani nants;

C. incorporation of validated virus inactivation and
renmoval steps into the manufacturing process;

D. careful design of the virus validation studies to avoid
pitfalls and provide interpretable results; and use of
di fferent nethods of virus inactivation or renoval in the
same manufacturing process in order to achi eve naxi num
virus cl earance.

Val i dati on studi es should be discussed with CBER at the earliest
possible tinme during pre-IND nmeetings and then agai n before phase
Il studies to make sure no outstanding issues remain prior to
filing a license application. The successful use of these quality
control elements should provide an approach for producing safe

bi ol ogi cal products.
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Attachnent #1

Letter to the Manufacturers of Biological Products
May 3, 1991
Dear Bi ol ogi ¢ Product Manufacturer:

The Center for Biologics Evaluation and Research (CBER) is
seeking clarification of the procedures and precautions used in
controlling materials of bovine or ovine origin used in the
manuf act ure of biol ogic products intended for adm nistration to
humans. This will assist CBER in evaluating the inpact of

evol ving information regarding infectious agents potentially
present in materials from bovi ne or ovine sources (e.g.

spongi f or m encephal opat hi es).

We are therefore requesting, pursuant to 21 CFR 207.31, that
manuf acturers of biologic products provide information regarding
t he source(s) and control of any bovine- or ovine-derived
material (s) used in preparing products to be adm nistered to
humans for prophylaxis, therapy, or diagnosis. This request is
not only for information relating to material that is directly

i ncorporated into the product, but also for information on any
materials used in manufacturing (e.g., enzynes, cell culture
conponents, chromatographic nedia, etc.).

Some specific exanples of materials that are, or may be, of

bovi ne or ovine origin include bovine fetal serum bovine serum
al bum n, fetuin, proteolytic enzynmes (e.g., protease, trypsin,
chynotrypsin, etc.), deoxyribonucleases (this is not intended to
be a conplete listing). If you are unsure of the origin of a
conponent used in the preparation of your products, please obtain
this information fromthe supplier

Pl ease subnmit the follow ng information regardi ng each biol ogic
product that you manufacture under an accepted product |icense,
pendi ng |icense application or anendnent, or investigational new
drug application (IND) (This information should not be subnmtted
to your license, license application or anmendnent, or |IND;, see

i nstructions bel ow):

The nane and status (licensed, |icense pending, or IND) of each
bi ol ogi ¢ product.

For each product, a list of the material (s) derived from bovi ne
or ovine sources used directly in the product or in

manuf acturing. If no material from bovine or ovine sources is
used, indicate "none" in response.

The nane and address of the supplier(s) of each bovine- or
ovi ne-derived materi al

A description of the controls utilized by you and the supplier(s)
of bovine or ovine-derived material (s) to assure and docunent the
heal th and country of origin of the animals used in production of



t hese materi al s.

A description of the testing perfornmed on each | ot of bovine- or
ovi ne-derived material, including the acceptance criteria used.
Indicate if the testing is perforned by you or the supplier. If
performed by the supplier, indicate if you receive detailed test
results or sumary information.

We request that you subnmit this information within 60 days of the
above date to:

Cerald V. Qinnan, Jr., MD.

Acting Director

Center for Biologics Evaluation and Research
Di vi sion of Biostatistics and Epi dem ol ogy
Attention: HFB-250, Building 29-BSE

8800 Rockville Pike

Bet hesda, MD 20892

Sincerely yours,

Gerald V. Quinnan, Jr., MD.
Acting Director

Center for Biologics

Eval uati on and Research



Attachnent #2

RECOMVENDED PROCEDURES FOR DETECTI ON OF MYCOPLASMA
CONTAM NATI ON I N BI OLOG CAL PRODUCTS PRODUCED | N CELL
SUBSTRATES

Each |icensed biological product produced in cell substrates
(e.g., viral vaccines, nonoclonal antibodies, inmunologica

nodul ators, interferon and other cytokines, erythropoietin

grow h factors, and simlar products) must be tested to ensure

t he absence of mycopl asmal contam nation. For nost such products,
testing should be performed on the virus seed and/or naster cel
banks, cell substrate and a representative portion (not nore than
10 percent) of each working cell stock used for manufacture of
the product. Each | ot of product harvest concentrate shoul d be
tested prior to clarification, filtration, purification, and

i nactivation, although testing at this stage of the manufacturing
process may not be appropriate for all products. Prior to
testing, the product harvest concentrate sanple should generally
be stored between 2 and 8 C for 24 hours or less or at -60 C or

| ower for 24 hours or nore.

As specified in 21 CFR 610. 30, nycoplasnmal contanination testing
nust be perfornmed by both the agar and broth nedia procedure and
the indicator cell culture procedure or by a procedure
denonstrated to be conparable. The procedural steps recomended
for perform ng both of these procedures are provided bel ow

The Center for Biologics Evaluation and Research will provide
gui dance regardi ng any or all aspects of these procedures.

A.  AGAR AND BROTH MEDI A PROCEDURE

(1) Each I ot of agar and broth medi um shoul d be free of
antibiotics except for penicillin, and each |ot of nedium
shoul d be examined for mycopl asmal growt h-pronoting
properties. To denonstrate the capability of the nedia to
det ect known mycopl asma contami nants, use the nycopl asmal
cultures specified belowin (3)(i) as positive controls.

(2)(i) Inoculate no less than 0.2 milliliter (m) of the
product harvest concentrate sanple in evenly distributed
anounts over the surface of 2 or nore agar plates of 1
medi um f or nul ati on.

(ii) Inoculate no less than 10 m of the product
harvest concentrate sanple into a flask contai ning
50 m of broth medium which is incubated at 36 + 1 C

(iii) Test 0.2 mM of the broth culture on the 3rd, 7th,
and 14th days of incubation by subculture onto 2 or
nore agar plates of the same nmedium formul ati on as

t hat used above in (i).

(iv) Incubate 2 of the initial isolation plates and 2
each of the three subculture plates in a 5 to 10



percent carbon dioxide in nitrogen and/ or hydrogen
at nosphere containing |l ess than 0.5 percent oxygen
during the test incubation period.

(v) Incubate all culture agar plates for no | ess than
14 days at 36 + 1 C and observe them microscopically
at 10 tinme magnification (100x) or greater for growh
of nycopl asmal col oni es.

(3)(i) Include in each test at |least 2 known nycopl asna
species or strains as positive controls, 1 of which should
be a dextrose fernenter (i.e., M pneunoniae strain FH or
equi val ent species or strains) and 1 of which should be an
argi ni ne hydrolyzer (i.e., M orale strain CH19299 or

equi val ent species or strains). Positive control cultures
shoul d be not nore than 15 passages fromisol ation and
shoul d be used in a standard inocul um of 100 col ony fornmng
units (CFU) or 100 color-changing units (CCU) or |ess.

(ii) Include uninocul ated agar nmedium as a negative
control .

(4) Interpret the results of the procedure according
to the specification detailed belowin (C(1-4).

B. I NDI CATOR CELL CULTURE PROCEDURE

(1) Using a Vero cell culture substrate, pretest the
procedure by using the nycoplasmal cultures specified bel ow
in (3)(i) as positive controls to denonstrate the
capability of the cell substrate to detect known fasti di ous
nmycopl asmal contam nants. An equival ent indicator cel
substrate may be acceptable if data denonstrate at | east
equal sensitivity for the detection of known nycopl asnal
cont am nants.

(2)(i) Inoculate no less than 1 m of the product harvest
concentrate sanples to 2 or nore indicator cell cultures
grown on cover slips in dishes or equival ent containers.

(ii) Incubate the cell cultures for 3 to 5 days at 36 + 1 C
in a 5 percent carbon dioxi de atnosphere. Exam ne the cel
cultures for the presence of mnycopl asmas by epifl uorescence
m croscopy using a DNA-binding fluorochrome, such as

bi sbenzi m dazol e or an equival ent stain.

(3)(i) Include in each test 2 known mycopl asma speci es or
strains as positive controls (i.e., M hyorhinis strain DBS
1050, M orale strain CH19299, or equival ent species and
strains), using an inoculumof 100 CFU or 100 CCU or | ess.

(ii) Include as a negative control a non-infected indicator
cell culture.

(4) Interpret the results of the procedure according to the
specifications detailed belowin (C(i)-(iv).



C.

| NTERPRETATI ON OF RESULTS

(1) For the agar and broth nedia procedure, conpare the
appearance of the nmedia inoculated with the product to that
of the positive and negative controls.

(2) For the indicator cell culture procedure, using 600
times magnifications (600x) or greater, conpare the

nm croscopi ¢ appearance of the cultures inoculated with the
product to that of the positive and negative cell controls.

(3) Marked cytopathic effects or nuclear chromatin
fragmentati on caused by virus infection that affect the
interpretation of the results can be mnimzed by using a
specific neutralizing viral antiserumor a nonperm ssive
cell culture substrate. The antisera should al so be added
to the positive and negative controls.

(4) The product is considered satisfactory for manufacture
if both the agar and/or broth nedia procedure and the

i ndi cator cell culture procedure show no evi dence of

mycopl asmal contam nation (i.e., growh) and thus resenble
the negative control (s) for each procedure.

(5) If nycoplasmas are recovered, confirmatory testing to
establish the species may be useful in determnining the
probabl e source of contam nation.



